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(54) Methods and apparatus for treatment of synthesis gas and related gases 



(57) An improved methane wash process is dis- 
closed wherein a reduced amount of methane wash is 
required, thereby allowing for savings in energy costs in 
operation of the cycle and capital costs in constructing 
the cycle by removing an intermediate gaseous stream 



from the methane wash column (2, 62). Further embod- 
iments allow for an energy recovery and an enhanced 
recovery of a carbon monoxide and/or hydrogen prod- 
uct. 
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Description 

[0001] The present invention relates to methods and 
apparatus for treating synthesis gas; 
[0002] For purposes of this patent, the following terms 5 
are defined. As used herein, the term "air separating 
unit* 1 or "air separation unit" means and refers to a facil- 
ity, plant, location or process for separating the compo- 
nents of a feed gas and may include both cryogenic and 
non-cryogenic facilities. The term "contaminant" means to 
and refers to components of a gas that are undesired in 
the final product. 

[0003] The term "feed gas" means and refers to a gas 
fed to a process or distillation apparatus. The term "cold 
box process" means and refers to processes to purify *5 
carbon monoxide ("CO") and/or hydrogen ("H 2 "). The 
term "methane wash" means and refers to a type of cold 
box process. The term "syngas" means and refers to 
synthetic and/or synthesis gas containing at least H 2 
and CO. Syngas is commonly produced by catalytic 20 
conversion or partial oxidation of a hydrocarbon. 
[0004] Generally, cold box efficiencies are measured 
by several factors. In a classical cold box utilizing a 
methane wash, the performance of a methane wash 
cold box is most often measured by, but not limited to : 25 

• CO recovery (this parameter has a direct impact on 
the quantity of feedstock required to generate the 
syngas) 

Power consumption required to produce refrigera- 30 
tion and separation/purification of the products usu- 
ally through a CO (or N 2 ) refrigeration cycle includ- 
ing a compressor and a cryogenic expander. 

[0005] Often, a desired end product H^CO ratio does 35 
not match the H^CO ratio of the syngas feed gas. Quite 
commonly, an excess of H 2 is produced. This excess H 2 
is then required to be disposed of through burning, for 
example as a fuel in a reformer and/or the like or dis- 
posed of elsewhere. The prior art has arrived at various 40 
solutions to this problem. 

[0006] Commonly, membrane-based permeation 
units are installed upstream of the cold box in a methane 
wash treatment. H 2 is extracted from the syngas and 
produced impure and at low pressure from the mem- 
brane. The cold box then treats the required quantity of 
H 2 . However, such methods are limited by equipment 
sizing and power consumption. Prior art solutions relat- 
ed to this method are economical only when the excess 
of H 2 is large enough so that the savings on cold box so 

can just i fy th e add i tiona l co s t of th e m e mbr a n e and r e t - 

rofitting of the facility. As well, prior art solutions of this 
type remove an H 2 stream that contains a CO concen- 
tration of about 1-2 %, thereby decreasing the CO pro- 
duction. 55 
[0007] Another prior art solution is to treat all the syn- 
gas in a cold box. The entire H 2 flow is washed in the 
methane wash column so that most of the CO is extract- 



ed from the H 2 . The H 2 is extracted and a first portion 
of the H 2 product is produced under pressure and a sec- 
ond portion is expanded in a cryogenic expander to pro- 
duce refrigeration. However, prior art methods of this 
type do not produce adequate refrigeration when the 
volume of the second portion is relatively small, conse- 
quently increasing power consumption is required when 
there are only small amounts of H 2 in the syngas. 
[0008] Other prior art examples of improving CO re- 
covery are illustrated in US-A-4888035 and EP-A- 
0895961. These documents describe processes for in- 
creasing CO recovery from a stripper column by an ad- 
ditional injection of CH 4 as a wash liquid in the stripper 
column. The US-A-4888035 teaches and discloses the 
use of a regenerated CH 4 stream that is removed from 
a flash column and injected into the stripper column 
above the feed from the wash column to increase CO 
recovery from the syngas. However, these patents do 
not teach or suggest the use of intermediate withdrawal 
of a portion of the H2 from a point intermediate on a 
methane wash column to reduce an amount of liquid 
methane required to wash a hydrogen product. Further- 
more, US-A-4888035 does not teach or suggest proce- 
dures and or structures for the reduction of power con- 
sumption and capital expenditure reduction. EP-A- 
0895961 discloses the use of a feed of a H 2 /CH 4 liquid 
from the wash column to wash the CO in the stripper 
column. This application is directed at CO loss and pow- 
er conservation by removing an intermediate stream 
from the bottom stage of the methane wash column to 
provide impure methane reflux to the top of the hydro- 
gen stripping column. EPtM)895961 states that the 
process it describes is an improvement over US-A- 
4888035 because EP-A-0895961 discloses using an 
impure methane reflux from the wash column which is 
rich in CO, thereby allowing for savings in methane. The 
author of EP-A-895961 recognizes that the procedure 
requires a greater amount of methane for washing the 
CO, but states that the amount of methane used would 
be less than the amount required for US-A-4888035 
which would result in power savings of between 2 to 4 
% as compared to equivalent CO content in the reject 
hydrogen stream of the US-A-4888035. However, 
EP-A-0895961 still requires extra capital expenditure for 
a large pump and costs associated with the operation 
of the pump. Accordingly, the art field is in search of a 
method of enhancing CO recovery from syngas without 
excessively increasing energy consumption and/or 
costs. Another prior art solution for enhancing CO re- 
covery from syngas is disclosed in EP-A-1 074510. The 
p a tent ap plica t i on di s cl oses a pro c es s and sy s tem 
whereby hydrogen and carbon monoxide are separated 
from a condensate-containing gaseous mixture by using 
a first stripping column to lower the hydrogen content of 
the CO loaded methane stream obtained by washing 
CO from the gaseous mixture ascending a methane 
wash column and a second stripping column to lower 
the hydrogen content of the feed gas condensate ob- 
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tained from the methane wash column or phase sepa- 
ration. The vapor stream from the second stripping col- 
umn or flash separator is fed to the first stripping column. 
The liquid stream from the first and second stripping col- 
umns are fed to different locations on a gaseous carbon 5 
monoxide separation column whereby a gaseous CO 
product stream is removed and a methane wash recycle 
stream is removed. The process is stated as improving 
the efficiency of the separation of the CO by avoiding 
the dilution of the CO with the CO loaded methane to 
stream. However, the patent still requires large pumps 
for pumping the methane, thereby increasing capital ex- 
penditures and energy consumption. Accordingly, the 
art field is in search of a method whereby capital expen- 
ditures may be reduced and energy consumption may * 5 
be reduced while still obtaining high CO recovery. As 
well, the art field is in search of a method whereby CO 
flow rates may be increased while producing high purity 
CO. 

[0009] The present invention generally relates to 20 
methods and apparatuses for the treatment of syngas 
for the production of carbon monoxide, H 2 and/or related 
gases. Generally, CO stream production from a syngas 
treatment facility may be enhanced by withdrawing at 
least one H 2 rich stream from an intermediate point or 25 
points on a wash column associated with the syngas 
treatment facility. 

[0010] According to the invention, there is provided a 
process for improving the separation of a feed gas com- 
prised of at least carbon monoxide and hydrogen where- 30 - 
in the mixture is washed with liquid methane to separate, 
at least partially, a first carbon monoxide rich stream and 
a first hydrogen rich stream in a wash column, the first 
carbon monoxide rich stream is further separated into a 
second carbon monoxide rich stream, and the second 35 
carbon monoxide rich stream is stripped into a third car- 
bon monoxide rich stream wherein the improvement 
comprises the step of 

withdrawing at least one second hydrogen rich 
stream from the wash column at a location intermediate *Q 
of the first hydrogen stream and the first carbon monox- 
ide stream. The first, second and third carbon monoxide 
rich streams are rich in carbon monoxide with respect 
to the syngas stream. The first hydrogen rich stream is 
rich in hydrogen with respect to the syngas stream. 45 
[001 1 ] According to further optional aspects of the in- 
vention, the process further comprises : 

withdrawing at least one methane rich stream from 
the wash column at a location intermediate of the so 
hydrog e n str e am and th e carbon monox i d e s tr ea m 



at least one second hydrogen rich stream. 
[0014] According to one embodiment, the first carbon 
monoxide stream is split into a first and a second sub- 
stream. Preferably, the first substream is subcooled and 
injected into another column and/or the second sub- 
stream is vaporized and injected into another column. 
[0015] Preferably the second hydrogen rich stream is 
about 1 5 % to 50 % by volume of the total hydrogen flow 
contained in the syngas and/ or contains at least 90 mol. 
% hydrogen, preferably at least 95 mol. % hydrogen, 
still more preferably at least 98 mol. % hydrogen . 
[0016] Preferably the first hydrogen rich stream is 
withdrawn at the top of the wash column. 
[0017] Preferably the first hydrogen rich stream is 
withdrawn with a carbon monoxide content of less than 
1 ppm. 

[0018] Preferably the third carbon monoxide rich 
stream is about 92 % to about 99 % by volume of the 
carbon monoxide in the feed gas. 
[0019] The carbon monoxide/ methane distillation col- 
umn may operate at between 8 and 1 0 bar abs. 
[0020] According to a further embodiment of the in- 
vention, there is provided an apparatus for the separa- 
tion of carbon monoxide gas and hydrogen from a gas- 
eous mixture comprising: 



a methane wash column ; 

a hydrogen flash column ; 

a carbon monoxide/methane distillation column ; 

at least one conduit means for feeding a feed gas 

comprising at least carbon monoxide and hydrogen 

to the wash column ; 

at least one conduit means for feeding a first carbon 
monoxide rich stream from the wash column to the 
at least one location about the flash column ; 
at least one conduit means for feeding a second 
carbon monoxide rich stream from the flash column 
to the stripping column ; and, **■* 
the at least one conduit means provided intermedi- 
ate on the wash column for withdrawing a second 
hydrogen stream. 



[0021 ] According to further optional aspects of the in- 
vention, the apparatus comprises : 

at least one second conduit means for withdrawing 
at least one methane enriched stream from the 
wash column and injecting the at least one methane 
enriched stream into the flash column, 
at least one conduit means for feeding a second 
carbon monox i de rich stream from the flash co l umn 



feeding at least a portion of the methane rich stream 
to a flash column associated with the process. 

[0012] Preferably the feed gas consists primarily of 
carbon monoxide and hydrogen. 
[001 3] At least one hydrogen rich stream is expanded 
to provide refrigeration, that stream preferably being the 



to at least one location about the distillation column 
comprises a first and a second conduit means 
whereby the second stream is divided into a first 
55 substream and a second substream. 

means for injecting the first substream at a location 
about the distillation column and means for injecting 
the second substream at a location on the distiila- 
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tion column below the first substream. 
an expander connected to the conduit means for ex- 
tracting the second hydrogen product. 

[0022] Preferably the second hydrogen rich gas is 5 
withdrawn between 10 and 20 theoretical trays below 
the top of the column. However the second hydrogen 
rich gas may be withdrawn at any intermediate point of 
the column. 

[0023] According to a further aspect of the invention, 
there is provided a process for separating a carbon mon- 
oxide stream from a feed gas comprising at least carbon 
monoxide and hydrogen comprising the steps of: 

separating a third carbon monoxide rich stream 
from the feed gas in a system comprising a wash 
column, a flash column, and a stripping column 
wherein the feed gas is separated into a first carbon 
monoxide rich stream, a first hydrogen rich stream, 
and a second hydrogen rich stream in the wash col- 
umn, the first carbon monoxide rich stream is further 
separated into a second carbon monoxide rich 
stream in the flash column, the second carbon mon- 
oxide rich stream is further separated into a third 
carbon monoxide rich stream in the stripper column 
whereby the volume of the carbon monoxide in the 
third carbon monoxide rich stream is about 92 % to 
about 99 % of the volume of the carbon monoxide 
in the feed gas and the extraction of the second hy- 
drogen rich stream reduces an amount of methane 
required to wash the feed gas. 

[0024] For a further understanding of the nature and 
objects of the present invention, reference should be 
made to the following detailed description, taken in con- 
junction with the accompanying drawings, in which like 
elements are given the same or analogous reference 
numbers and wherein : 

Fig. 1 is an illustration of an embodiment of an ap- 
paratus of the present invention. 
Fig. 2 is an illustration of an alternative embodiment 
of an apparatus of the present invention. 
Fig. 3 is an illustration of an alternative embodiment 
of an apparatus of the present invention. 
Fig. 4 is an illustration of an alternative embodiment 
of an apparatus of the present invention. 
Fig. 5 is an illustration of an alternative embodiment 
of an apparatus of the present invention. 

[0025] — R e f e rring now to T i g. 1 , an il lustration of an e m - 
bodiment of an apparatus of the present invention, a 
common cold box process using a methane wash is dis- 
closed. The process provides for production of a carbon 
monoxide rich gas and/or production of a hydrogen rich 
gas. An embodiment of a cold box process of the 
present invention utilizes a methane wash column 2, a 
flash column 5 and a distillation column 11, sometimes 



referred to as a stripper or stripping column 11 . 
[0026] A feed gas stream 1 to embodiments of the 
present invention generally comprises a stream contain- 
ing at least carbon monoxide and hydrogen, such as 
syngas. The feed gas is cooled, dried and carbon diox- 
ide CCO2") is withdrawn by any method common in the 
art and feed gas 1 is passed through heat exchanger 17 
after carbon dioxide removal and drying. Feed gas 
stream 18 is then passed into the bottom of methane 
wash column 2 by a conduit operating at between 10 
and 40 bar abs, typically between 1 5 and 35 bar abs. 
The methane wash column 2 contains 40 theoretical 
trays. The feed gas stream 1 rising in column 2 is 
brought into gas-liquid contact in a countercurrent state 
with reflux methane ("CH 4 ") rich liquid flowing down 
from above. As a result, the downward liquid flow is 
gradually enriched in components whose boiling points 
are higher than that of hydrogen to become a carbon 
monoxide rich liquid. In the same manner, upward rising 
vapor is gradually enriched in hydrogen to become a hy- 
drogen rich gas. A first hydrogen rich stream 3 is ex- 
tracted at the top of the column 2 by a conduit. First hy- 
drogen stream 3 may be extracted as a product, warmed 
through heat exchanger 17 before extraction as a prod- 
uct, used further in the process(es), expanded and used 
to recover energy and/or for any other purpose common 
in the art. 

[0027] At least one second gaseous hydrogen rich 
stream 20 is extracted from at least one upper interme- 
diate portion of column 2 by a conduit at a point 10 the- 
oretical trays below the top of the column 2. The at least 
one second gaseous hydrogen rich stream 20 contains 
at least 90 mol. % hydrogen, preferably at least 95 mol. 
% hydrogen, still more preferably at least 95 mol. % hy- 
drogen. Extracting at least one second hydrogen rich 
stream reduces the amount of methane required in the 
wash column. As well, an intermediate extraction will in- 
crease carbon monoxide recovery by decreasing the 
amount of methane required for washing of feed gas 
stream 1 which consequently allows for a higher pres- 
sure in flash column 5. Further, reduction in the amount 
of methane required for washing allows for smaller sized 
of columns for a given volume of feed gas, thereby sav- 
ing in capital expenditures and power consumption by 
the process. In various embodiments, experimental re- 
sults have illustrated a total power consumption reduc- 
tion by about 1 0 % to about 40 %. However, other power 
savings may be achieved. Second hydrogen stream 20 
may be extracted as a product, warmed through heat 
exchanger 17 before extraction as a product, mixed with 
liqu i d m e than e to l ow e r m e than e vaporizat i on t e mper a- 
ture, used further in the process, and/or for any other 
purpose common in the art. In Fig. 1 , all the second hy- 
drogen stream 20 is warmed in heat exchanger 1 7 and 
then expanded in expander turbine 16, before being 
warmed in the heat exchanger. In other embodiments, 
a portion of second hydrogen stream 20 may be expand- 
ed in expander 16 to provide refrigeration. Expanded 
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stream 20 may then be collected as an expanded hy- 
drogen stream. In various embodiments, expansion of 
stream 20 can be used to replace and/or supplement a 
carbon monoxide/nitrogen expansion, thereby conserv- 
ing a greater portion of the carbon monoxide for collec- 5 
tion as a product. Other embodiments utilize other hy- 
drogen stream withdrawals such that a multiple number 
of withdrawals may be performed. Moreover, the at least 
one withdrawal is not necessarily limited to an upper 
portion of column and may be performed elsewhere on 10 
column 2. 

[0028] Various embodiments of the present invention 
may be used to remove varying percentages and/or 
contents of the total hydrogen in the syngas through the 
stream 20. In an embodiment, 1 5 % to 50 % of the total * 5 
hydrogen in the syngas 1 is removed through stream 
20. In an alternate embodiment, about 26 % of the total 
hydrogen in the syngas 1 is removed through stream 20. 
[0029] A second carbon monoxide rich stream 4, also 
usually containing methane, is withdrawn from the bot- ?o 
torn of column 2 by a conduit. In various embodiments, 
stream 4 is at least partially liquid. Stream 4 may be 
flashed across a valve 9 before introduction to a flash 
column 5. In flash column 5, a portion of the remaining 
hydrogen in stream 4 is withdrawn as a third hydrogen 25 
rich stream 6 by a conduit. Stream 6 may be collected 
as a product or used for any other purpose, as herein 
stated. 

[0030] A portion of liquid in flash column 5 is with- 
drawn as stream 7 and introduced to a distillation col- 30 
umn 11 operating at between 1.5 and 3 bar abs. by a 
conduit . In various embodiments, stream 7 is flashed 
across a valve 8 before being fed to column 11 . Column 
1 1 operates at between 8 and 1 0 bar abs. A third carbon 
monoxide stream 14 is extracted from an upper portion 35 
of column 1 1 by a conduit and methane, typically at least 
partially liquid methane, is withdrawn from a lower por- 
tion of column 11 by a conduit and recycled back to col- 
umn 2, via conduit 15 after pumping in pump 10. In var- 
ious embodiments of the present invention, the volume *o 
of carbon monoxide extracted in the third carbon mon- 
oxide stream is about 92 % to about 99 % by volume of 
the carbon monoxide in the feed gas. 
[0031 ] The process uses a carbon monoxide refriger- 
ation cycle in which carbon monoxide rich gas 14 from 45 
the top of the distillation column 1 1 is warmed in the heat 
exchanger 17, compressed in a cycle compressor and 
sent back to the heat exchanger. Part of the gas com- 
pressed in the compressor to an intermediate pressure 
is removed as the product gas and the rest is further 50 

co mpressed . P a rt o f the g as i s c oo l ed to a n i nterme dia te 

temperature, expanded in a turbine and recycled to the 
compressor. The rest of the gas continues to be cooled 
in the heat exchanger 17 t and is used to warm the bot- 
tom reboilers of the flash column 5 and the distillation 55 
column 1 1 . The gas at least partially condensed by cool- 
ing in the bottom reboilers is sent to the top condenser 
of the distillation column 11 where it is evaporated and 



rejoins the refrigeration cycle. 

[0032] The embodiments of all the figures use the 
same refrigeration cycle which will not be described in 
each case. 

[0033] Now referring to Fig. 2, an illustration of an al- 
ternative embodiment of a process and apparatus of the 
present invention, at least one intermediate hydrogen 
rich stream 31 is extracted from at least one intermedi- 
ate portion of column 2 and collected as a product. The 
intermediate hydrogen rich stream 31 is gaseous and 
contains at least 90 mol. % hydrogen, preferably at least 
95 mol.% hydrogen, still more preferably at least 95 mol. 
% hydrogen. The product collected may be warmed in 
a heat exchanger or collected from the column, as be- 
fore mentioned. 

[0034] Generally, a feed gas 1 8 is fed to wash column 
2 wherein separation occurs through rectification as 
heretofore described wherein at least one first hydrogen 
rich stream 3 may be withdrawn and at least one second 
gaseous hydrogen stream 31 may be withdrawn. First 
stream 3 is usually withdrawn at an area about an upper 
portion of column 2 and second stream 31 is withdrawn 
about an area intermediate feed 18 and first stream 3. 
[0035] Now referring to Fig. 3, an illustration of an al- 
ternative embodiment of a process and apparatus of the 
present invention, an intermediate hydrogen rich stream 
70 is extracted from at least one lower intermediate por- 
tion of column 62 and collected as a product and an in- 
termediate hydrogen rich stream 71 is extracted from at 
least one other intermediate portion of column 62. The 
hydrogen rich stream 70 is gaseous and contains at 
least 90 mol. % hydrogen, preferably at least 95 mol.% 
hydrogen, still more preferably at least 95 mol. % hydro- 
gen. However, various other embodiments utilize vary- 
ing numbers of withdrawals intermediate of feed and 
first hydrogen product withdrawal. 
[0036] Fig. 4 and 5 show elements and streams al- 
ready described in the previous figures which will not be 
described in these figures, except where differences ex- 
ist. 

[0037] Now referring to Fig. 4, an illustration of an al- 
ternative embodiment of an apparatus of the present in- 
vention, enhanced carbon monoxide recovery and hy- 
drogen stripping can be achieved by injecting a regen- 
erated methane stream 75 which is removed from the 
bottom of distillation column 65, pumped in 67 and sent 
in part to an intermediate region of the flash column to 
further scrub out carbon monoxide that has remained in 
the hydrogen released during stripping in flash column 
64. Regenerated methane may be injected at any loca- 
t io n of fl a sh colu mn 64 a bove the fee d fr o m w a sh c oU 
umn 62. In various embodiments, a cooling trap 77 is 
below a feed point for the regenerated methane. How- 
ever, such other and further embodiments may utilize 
differing arrangements and/or sources of methane for 
aid in further removal of hydrogen in flash column 64. 
This feature of injection of regenerated methane can be 
used in cases where there is no intermediate withdrawal 
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of hydrogen enriched fluid in the wash column 62. 
[0038] Now referring to Fig. 5, an illustration of an al- 
ternative embodiment of an apparatus of the present in- 
vention, an alternative manner of increasing carbon 
monoxide production is illustrated. Stream 82, in various 5 
embodiments, a liquid, is withdrawn from column 62 
from a lower portion and fed to flash column 64. In var- 
ious embodiments, the mixture withdrawn may be re- 
duced in pressure as needed and as is common in the 
art. A condensed crude stream 83, typically at least par- 10 
tially a liquid, is withdrawn from column 62 and fed to 
column 64. tn various embodiments, stream 83 may be 
at least partially vaporized in a heat exchanger 63. In 
various embodiments, a reboiler 76 is used to provide 
a vapor to aid in stripping of hydrogen and carbon mon- 15 
oxide in column 64. Additionally, in various embodi- 
ments, a methane rich stream 81 for scrubbing may be 
withdrawn from column 62 and fed to an upper portion 
of column 64 to provide a wash liquid to the upper por- 
tion of column 64 to further aid in reduction of carbon 20 
monoxide losses in hydrogen withdrawn from column 
64. Removal of a methane stream from column 62 al- 
lows for a greater reflux in the flash column and or dis- 
tillation column to further aid in carbon monoxide recov- 
ery. 25 
[0039] Other embodiments may withdraw a single 
stream from a wash column and then split the stream 
withdrawn before injection of the withdrawn stream into 
another column. For example, in an embodiment a 
stream is withdrawn from the wash column and split into 30 
a first and a second substream. The first substream is 
subcooled and injected into the flash column and the 
second substream is vaporized and injected into the 
flash column at a location below the injection of the first 
substream. Other embodiments withdraw a stream from 35 
the flash column and split the stream into a first and sec- 
ond substream. In this embodiment, the first substream 
is subcooled and injected into the distillation column and 
the second substream is vaporized and injected into the 
distillation column at a location below the injection of the 40 
first substream. 

[0040] The present invention is also directed to meth- 
ods and processes for enhancing production of hydro- 
gen and carbon monoxide, as from syngas. Generally, 
the method comprises the steps of passing a feed gas, *s 
such as syngas, to a cold box system comprising a wash 
column, a flash column, and a distillation column; and, 
withdrawing at least one second hydrogen rich stream 
from an intermediate portion of the wash column. Addi- 
tional embodiments of methods of the present invention 50 

may f urth e r c omp ri se exp a n ding a po t ion of th e w it h- 

drawn second hydrogen rich stream for providing refrig- 
eration for the process, another process or for other en- 
ergy recovery. Other embodiments may include other 
uses for the withdrawn second hydrogen rich stream 55 
and/or other processes within the cold box system. Fur- 
ther, other embodiments utilize at least one methane 
rich vapor and/or liquid withdraw from a wash column to 



10 

provide reflux and/or aid in stripping hydrogen in a flash 
column. 

[0041] In a further embodiment, the present invention 
is a process for improving the separation of a feed gas 
comprised of at least carbon monoxide and hydrogen 
wherein the mixture is washed with liquid methane to 
separate, at least partially, a first carbon monoxide rich 
stream and a first hydrogen rich stream, the first carbon 
monoxide rich stream is separated into at least a second 
carbon monoxide rich stream, the second carbon mon- 
oxide rich stream is further separated into a third carbon 
monoxide rich product stream wherein the improvement 
comprises the step of: 

withdrawing at least one second hydrogen rich 
stream from the wash column at a location interme- 
diate of the first hydrogen stream and the carbon 
monoxide stream. 

Example 

[0042] A classical methane wash cold box was estab- 
lished utilizing 27 bar absolute pressure resulting in an 
H 2 recovery of 5444 Nm 3 /h from feed syngas with a 
5540 Nm 3 /h quantity of H 2 . The CH4 wash required was 
3400 Nm 3 /h to achieve less than 5 ppm CO in the puri- 
fied H 2 . Cycle power consumption was at 640 kW. 
[0043] Utilizing these same conditions, an intermedi- 
ate extraction of H 2 -enriched gas at 1450 Nm 3 /h of H 2 
allowed for an H 2 product of 4039 Nm 3 /h with less than 
5 ppm CO to be extracted. 

[0044] The intermediate extraction may serve as a 
product or be rejected into the atmosphere or burnt. The 
intermediate H 2 extraction reduces the amount of meth- 
ane required to wash the syngas in the wash column. 
As a consequence the feed to the flash column and to 
the CO/CH 4 distillation column is reduced leading to 
both power consumption savings and investment sav- 
ings. The methane wash recycle is reduced to 1900 
Nm 3 /h, power consumption is reduced to 490 kW. The 
flash column pressure is increased from 8 to 9.7 bars 
abs thus increasing CO recovery from 95.39 % to 95.86 
%. 

[0045] The quantity of CO lost in the intermediate 
withdrawal is inconsequential when compared to the im- 
provement of CO recovery on the flash column. De- 
creasing the CH 4 wash recycle allows a lower portion of 
the flash column to be richer in CO. Therefore, it can be 
operated at a higher pressure for a given CO recycle 
pressure, thus allowing a lower CO loss at the top of the 

fl ash co l um n an d i nc re asin g CO r e cov e ry. 

[0046] Decreasing the CH 4 wash flow also increases 
the H 2 recovery, i.e. an extraction of 1450 Nm 3 /h from 
the intermediate portion still allowed recovery of 4039 
Nm 3 /h at an upper portion because less CH4 wash 
means less H 2 loss in the CH 4 . 
[0047] Furthermore, an expansion of the withdrawn 
H 2 from the intermediate portion produced an additional 
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saving of 140 kW/h by replacing a traditional CO/N 2 ex- 
pansion. 



Claims 5 

1 . A process for improving the separation of a feed gas 
(1 ) comprising at least carbon monoxide and hydro- 
gen wherein the feed gas is washed with liquid 
methane to separate, at least partially, a first carbon 10 
monoxide rich stream (4, 83) and a first hydrogen 
rich stream (3) in a wash column (2, 62), the first 
carbon monoxide rich stream is further separated 
into a second carbon monoxide rich stream (4), and 

the second carbon monoxide rich stream is stripped ? 5 
into a third carbon monoxide rich stream (14, 69) 
characterized In that it comprises the step of: 

withdrawing at least one second hydrogen rich 
stream (20, 30, 70, 71) from the wash column 20 
at a location intermediate of the first hydrogen 
stream and the first carbon monoxide stream. 

2. The process of Claim 1 further comprising the step 

of withdrawing at least one methane rich stream 25 
(81 , 82) from the wash column (62) at a location in- 
termediate of the hydrogen stream and the carbon 
monoxide stream. 

3. The process of Claim 2 wherein at least a portion 30 
of the methane rich stream (81 , 82) is fed to a flash 
column associated with the process. 

4. The process of any preceding claim wherein the 
feed gas (1 ) consists primarily of carbon monoxide 35 
and hydrogen. 

5. The process of any preceding claim wherein at least 
one hydrogen rich stream is expanded to provide 
refrigeration. 40 

6. The process of Claim 5 wherein the at least one sec- 
ond hydrogen rich stream (20) is expanded to re- 
cover energy. 

45 

7. The apparatus of any preceding claims wherein the 
second hydrogen rich stream is about 15 % to 50 
% of the total hydrogen flow contained in the syngas 
and/or contains at least 90 mot. % hydrogen, pref- 
erably at least 95 mot. % hydrogen and/or is with- so 

dr aw n i n g aseous form. 



content of less than 1 ppm 

10. The apparatus of any preceding claim wherein a 
third carbon monoxide rich stream is about 92 % to 
about 99 % by volume of the carbon monoxide in 
the feed gas. 

1 1 . An apparatus for the separation of carbon monox- 
ide gas and hydrogen from a gaseous mixture 
comprising : 

a methane wash column (2, 62); 

a hydrogen flash column (5); 

a carbon monoxide/methane distillation column 

(11); 

at least one conduit means (1) for feeding a 
feed gas comprising at least carbon monoxide 
and hydrogen to the wash column ; 
at least one conduit means (4) for feeding a first 
carbon monoxide rich stream from the wash 
column to the at least one location of the flash 
column ; 

at least one conduit means (7) for feeding a 
second carbon monoxide rich stream from the 
flash column to the stripping column ; and, 
an at least one conduit means provided at an> 
intermediate point of the wash column (2) for 
withdrawing a second hydrogen stream (20, 30, 
70.71). 

12. The apparatus of Claim 11 further comprising at 
least one second conduit means for withdrawing at 
least one methane enriched stream (81,82) from 
the wash column (62) and injecting the at least one 
methane enriched stream into the flash column 
(64). 



The apparatus of any preceding claims wherein a 
first hydrogen rich stream is withdrawn about an up- 
per portion of the wash column (2, 62). 55 

The apparatus of Claim 8 wherein the first hydrogen 
rich stream is withdrawn with a carbon monoxide 
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